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I.  Introduction 


Conventional  tank  gun  ammunition  is  configured  with  the  propellant  igniter  alon^  the 
central  axis  of  the  propellant  bed,  see  Fig.  la.  The  igniter  is  a  perforated  steel  tube  which 
extends  from  the  primer  “head”,  located  in  the  center  of  the  cartridge  stub  base,  to  the  base 
of  the  projectile.  The  propellant  is  ignited  through  a  series  of  events  which  begins  when  the 
firing  key  is  closed  and  a  small  electric  current  is  passed  through  a  resistive  heating  element 
in  the  primer  “head.”  This  ignites  a  small  powder  charge  which  vents  its  flame  into,  and 
ignites,  the  charge  contained  within  the  igniter  tube.  The  flame  from  the  igniter  charge 
combustion  is  vented  through  the  igniter  tube  perforations  and  into  the  propellant,  which 
begins  to  burn  roughly  2-7  ms  after  the  close  of  the  firing  key. 

For  105-mm  ammunition  the  igniter  tube  is  ejected  along  with  the  surrounding,  non¬ 
combustible,  metal  cartridge  side-wall.  Since  the  side-wall  extends  well  beyond  the  igniter, 
there  is  no  space-savings  to  be  gained  from  a  combustible  igniter  casing.  Moreover,  the 
side  wall  shields  personnel  and  unfired  ammunition  from  coming  in  contact  with  the  hot, 
post-fired  igniter  tube. 

However,  with  the  advent  of  120-mm  ammunition  the  combustible  cartridge  case  side- 
walls  are  consumed  along  with  the  propellant,  leaving  the  igniter  tube  protruding  from  the 
“stub”  base  upon  ejection.  Though  space-savings  is  gained,  special  care  must  now  be  taken 
to  pre\ent  the  hot,  post-fired  igniter  tube  from  contact  with  personnel,  or  —  more  seriously 
--  from  contact  with  the  combustible  side-wall  of  the  next  round  to  be  loaded. 

In  addition,  the  length  which  the  igniter  tube  adds  to  the  ejected  base  contributes  to 
the  design  complexity  of  future  auto-unload  systems.  A  combustible  igniter  tube  would 
alleviate  these  problems.  Furthermore,  with  the  minimal  space  requirements  of  the  casing 
stub  base  alone,  it  may  be  possible  to  store  all  post-fired  components  of  the  ammunition  on 
board  without  opening  the  crew  compartment  (to  a  potentially  hazardous  NBC,  Nuclear- 
Biological-Chemical,  environment)  to  discard  the  casings,  as  is  the  current  procedure. 

This  paper  discusses  several  combustible  metallic,  high-pressure,  igniter  tube  designs. 
The  combustible  metals  examined  are  aluminum  and  magnesium,  both  of  which  can  ignite 
and  burn  in  the  gun  chamber,  as  will  be  shown  here  (and  indicated  in  previous  studies, 
Davis, ^  Bundy  et  al.^  ).  Finite-element  modeling,  using  1-DEAS  software,^  is  employed  to 
evaluate  the  minimum  wall  thickness  necessary  to  contain  the  pressure  pulse  created  by  the 
igniter  charge.  Interior  ballistics  modeling,  using  NNOVAKTC"*  (XKTC,  a  two-phase,  one- 
dimensional  (with  area  change),  interior  ballistics  computer  code),  is  utilized  to  investigate 
the  effect  which  the  exothermic  igniter  oxidation  has  on  the  overall  performance  of  the 
ammunition.  The  results  of  preliminary  experiments  will  be  discussed  and  future  plans  will 
be  disclosed. 

’  D.ivis,  D.M.,  “Historical  Development  Surrunary  of  Automatic  Cannon  Caliber  Ammunition;  20-30  Millimeters,”  AFATL- 
TR-8‘I-03,  Air  Force  Armament  Laboratory,  Eglin  Air  Force  Base,  Florida,  January  1984. 

^ Bundy,  M.L.,  Horst,  A.W.,  Robbins,  F.W.,  "Effects  of  In-Bore  Heating  on  Projectile  Fins,”  BRL-TR-3106,  U.S.  Army 
Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  MD,  June  1990. 

^  "I  DEAS  User's  Guide”,  for  I-DEAS  finite-element  software.  Structural  Dynamics  Research  Corp.,  Milford,  Ohio,  1990. 

^  Gough,  P.S.,  “The  NOVA  Code;  A  User's  Manual,”  Indian  Head  Contract  Report  No.  80-8,  Naval  Ordnance  Station, 
Indian  Head.  MD,  December  1980. 
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II.  Finite-Element  Modeling  (FEM) 


Three  igniter  tube  designs  were  examined  using  the  I-DEAS  finite-element  structural 
analysis  program.  The  program  predicts  the  structural  response  of  physical  objects,  or 
structures,  subjected  to  statically  applied  forces.  The  response  will  vary  linearly  with  the 
applied  load.  Displacements,  stresses  and  reaction  forces  are  some  of  the  data  which  can  be 
obtained. 

Each  igniter  tube  was  modeled  as  being  29  cm  long,  with  twelve  4.8  mm  diameter 
holes  drilled  through  the  tube,  spaced  19.1  mm  apart,  at  90  degree  intervals.  The  outer 
diameter  of  each  tube  was  17.5  mm.  There  was  a  “thick-walled”  aluminum  tube  with  a  wall 
thickness  of  2.2  mm,  and  a  magnesium  tube  with  the  same  wall  thickness.  There  was  also  a 
“thin-walled”  aluminum  tube  with  a  wall  thickness  of  0.8  mm. 

The  igniter  tubes  were  modeled  using  quadrilateral  thin  shell  elements  centered  at  the 
mid-surface  of  the  tube  wall,  see  Fig.  lb.  Each  element  was  assigned  a  physical  thickness 
equal  to  the  wall  thickness.  Isotropic  material  properties  for  modulus  of  elcisticity,  Poisson’s 
ratio  and  density  were  defined.  For  simplicity,  the  pressure  load  during  the  igniter  charge 
combustion  was  assumed  constant  at  a  value  near  its  maximum;  specifically,  a  pressure  of  21 
MPa  (w3  kpsi)  was  applied  to  the  internal  faces  of  the  thin  shell  elements.  The  tube  was 
held  fixed  at  the  bottom  of  the  model  (right-hand-side  in  Fig.  lb)  where  it  would  (physically) 
screw  into  the  primer  head. 

The  von  Mises  stress  values  were  obtained  for  the  outer,  middle  and  inner  surfaces  of 
the  walls.  (Von  Mises  stress  is  not  a  typical  stress  in  the  sense  that  it  represents  a  force  per 
unit  area  relative  to  any  particular  surface.  Rather,  it  is  proportional  to  the  magnitude  of 
a  particular  combination  of  the  principle  stresses;  such  that,  the  von  Mises  stress  squared 
divided  by  the  shear  modulus  is  proportional  to  the  energy  density  stored  in  the  form  of 
shear  deformation.  As  a  result,  if  the  von  Mises  stress  at  any  point  in  a  body,  which  is  being 
subjected  to  a  complex  (multi-axial)  stress  load,  is  more  than  the  (tabulated)  yield  stress 
from  a  simple  (uni-axial)  tension  test,  then  the  material  can  be  expected  to  fail  at  that  point 
under  the  complex  load  due  to  excessive  shear  energy  density.) 

Under  the  imposed  internal  pressure  load,  the  highest  stress  areas  occur  on  the  inside 
surface  along  a  line  parallel  to  the  axis  of  the  tube  and  bisecting  the  holes.  The  maximum 
stress  is  concentrated  along  this  line  in  an  area  less  than  one  hole  diameter  wide  on  either 
side  of  the  vent  holes,  see  (for  example)  Fig.  2a, b. 

For  the  thick-walled  aluminum  tube,  the  maximum  static  stress  is  predicted  to  be  248 
MPa  (36  kpsi),  which  is  below  its  static  yield  (0.2  %  offset)  strength  of  482  MPa  (70  kpsi). 
(In  actuality,  since  the  dynamic  yield  strength  is  always  higher  than  the  static  yield  strength, 
such  a  static  strength  comparison  produces  a  conservative  assessment  of  possible  igniter 
casing  failure.)  For  the  thin- walled  aluminum  tube,  a  high  stress  of  972  MPa  (141  kpsi) 
occurs  around  the  holes  on  the  inner  surface  (Fig.  2b),  which  exceeds  its  tensile  (rupture) 
strength  of  572  MPa  (83  kpsi).  However,  at  the  mid-surface,  the  high  stress  has  dropped 
to  537  MPa  (78  kpsi);  and  at  the  outer  surface,  the  maximum  stress  is  only  406  MPa 
(59  kpsi).  This  distribution  of  stress  indicates  that  localized  failure  may  occur  around  the 
holes  from  the  inside  out.  But,  since  the  bulk  of  the  material  between  the  holes  is  stressed 


2 


Figure  1.  a)  Schematic  of  Generic  Tank  Gun  Cartridge  Case;  b)  FEM  Grid  (Using  Thin 
Shell  Elements)  for  Igniter  Tube 


Diametrically  Symmetric  Vent  Hole  Pattern 
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Figure  2.  a)  Local  FEM  Grid  Around  Igniter  Vent  Hole,  b)  Region  of  Maximum  Stress  (Due 
to  Igniter  Charge  Combustion)  in  Thin  Aluminum  Casing  (Located  Around  Inner  Surface 
of  Vent  Hole),  c)  Deformation  (Mag.=20x)  Caused  by  Stress  Level  in  Fig.  2b 


below  241  MPa  (35  kpsi),  the  structural  integrity  of  the  tube  -  as  a  whole  -  is  assured. 
The  deformation  caused  by  the  stress  levels  shown  in  Fig.  2b,  is  displayed  in  Fig.  2c.  Note, 
the  maximum  outward  bulge  in  the  casing  is  symmetrically  located  between  holes.  Or, 
conversely,  the  minimum  outward  bulge  is  located  in  the  vicinity  of  the  vent  holes.  This  is 
to  be  expected,  since  the  presence  of  a  vent  hole,  as  opposed  to  the  absence  of  a  vent  hole, 
in  the  casing  reduces  the  local  surface  area  and  hence  the  local  outward  force  resulting  from 
the  internal  pressure  rise. 

Since  the  magnesium  tube  had  the  same  geometry  as  the  thick-walled  aluminum  tube, 
the  stress  distributions  are  identical.  The  yield  strength  of  the  magnesium  is  roughly  240- 
275  MPa  (35-40  kpsi),  and  since  the  static  yeild  strength  will  be  lower  than  the  dynamic 
yield  strength,  the  magnesium  igniter  will  probably  not  fail  mechanically  during  the  ignition 
process. 

In  summary,  FEM  predictions  indicate  that  all  three  designs  are  structurally  adequate 
to  withstand  the  internal  pressure  generated  during  the  igniter  charge  combustion  process. 
Damage  -  if  any  -  should  be  limited  to  material  yield  at  the  inner  wall  edge  of  the  igniter 
vent  holes  on  the  the  magnesium  and  the  thin-walled  aluminum  designs  only. 


III.  Interior  Ballistics  Modeling 


The  standard  steel  igniter  tube  is  29  cm  long  and  and  17.6  mm  in  diameter,  with  a 
mass  of  189  grams  (excluding  the  igniter  charge).  It  wcis  assumed,  for  modeling  purposes, 
that  an  aluminum  igniter  would  have  a  mass  of  50  grams  uniformly  distributed  over  the 
same  length  and  diameter  as  the  standard  igniter. 

The  products  formed,  and  the  energy  liberated,  by  the  combustion  of  one  part  aluminum 
and  nine  parts  JA2  propellant  were  evaluated  using  BLAKE,  an  equilibrium  thermochem¬ 
istry  computer  code.®  It  was  determined  that  5000  Jjg  of  energy  would  be  released  in  the 
burning  process.  This  energy  release  density,  along  with  the  assumption  of  a  1200  K  ignition 
temperature,  and  a  “burning  rate”  given  by  “ap"”  with  n  =  1  and  a  varied  so  as  to  consume 
the  igniter  in  0.3,  1.0  and  3.0  ms,  were  used  as  input  to  the  XKTC  model. 

Note,  the  assumption  of  a  1200  K  ignition  temperature  for  aluminum  is  roughly  one- 
half  the  typical  value  quoted  (e.g..  Ref.  6).  This  is  done  to  compensate  for  XKTC’s 
one-dimensional  analysis  of  the  surface  heat  transfer  in  critical  areas  where  the  exposed 
surface  is  two-  or  three-  dimensional,  such  as  around  the  edge  of  the  igniter  vent  holes, 
where  the  onset  of  aluminum  ignition  is  believed  to  occur.  Furthermore,  not  knowning  how 
long  it  would  take  to  consume  the  combustible  igniter,  calculations  were  performed  over  an 
order  of  magnitude  spread  in  the  burning  rate. 


^Fretdman,  E.,  “BLAKE  -  A  Thermodyiuunic  Code  Based  on  TIGER:  User’s  Guide  and  Manual,”  ARBRL-TR-02411,  U.S. 
Army  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground,  MD,  July  1989. 

*FViednia<;  R.  and  Macelc,  A.,  “Combustion  Studies  of  Single  Aluminum  Particles,”  9th  International  Sympoaiam  on  Com- 
iuation,  1963,  pp.  703-712. 
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In  the  worst  case,  the  calculations  indicated  that  the  maximum  pressure  w'ould  be 
increased  by  10-15  MPa  and  that  little  or  no  effect  would  be  seen  on  the  muzzle  velocity  or 
on  wave  dynamics  (as  characterized  by  pressure  difference  curves).  This  prediction  was,  in 
fact,  consistent  with  experiment,  as  discussed  next. 


IV.  Experimental  Observations 


Three  igniter  tube  designs  were  fabricated  as  dimensioned  in  the  FEM  section:  two 
from  7075-T6  aluminum  and  one  from  magnesium.  To  increase  the  surface  area,  a  v-shaped 
groove  was  machined  into  the  outer- wall  of  each  tube  (12.6  grooves  per  cm  with  a  0.5  mm 
groove  depth),  see  schematic  in  Fig.  3.  The  thickness  of  the  tube  from  the  inner  wall  radius 
to  the  minor  radius  of  the  groove  was  the  same  as  that  modeled  in  the  FEM  section.  The 
thicker  aluminum  tube  had  a  mass  of  88  grams,  while  the  thinner  aluminum  tube  had  a 
mass  of  50  grams.  The  mass  of  the  magnesium  tube  was  58.5  grams. 

The  (steel)  igniter-train  assembly,  consisting  of  the  primer  head  and  igniter  tube,  was 
removed  from  three  German  DM13  120-mm  kinetic  energy  (KE)  rounds.  The  igniter  tubes 
were  unscrewed  from  the  primer  heads;  the  charge  removed;  and  the  combustible  (replace¬ 
ment)  casings  re-threaded  into  the  primer  heads.  Then,  the  igniter  charge  was  reloaded  into 
the  combustible  casings  and  the  igniter-train  assemblies  reinserted  into  the  rounds.  The 
rounds  were  then  ready  to  be  fired. 

The  gun  firings  were  conducted  at  the  Sandy  Point  Firing  Facility  (Range  18),  located  at 
the  Ballistic  Research  Laboratory  (BRL),  Aberdeen  Proving  Ground,  Maryland.  A  standard 
120-mm  M256  gun  tube  was  instrumented  with  five  pressure  gages  along  the  chamber  length: 
two  at  0.095  m,  one  at  0.286  m,  and  two  at  0.489  m  from  the  rear  face  of  the  tube.  There  were 
also  six  gages  down  the  bore:  one  each  at  0.786  m,  1.048  m,  1.530  m,  3.054  m,  3.816  m,  and 
4.578  m  from  the  rear  face  of  the  tube.  The  velocity  weis  measured  with  a  10.5  GHz  Weibel 
down-range  Doppler  radar  system.  All  charges  were  temperature  conditioned  to  294  K. 

The  post-fired  casings,  consisting  of  the  stub  base  and  the  remains  of  the  igniter  tube, 
are  shown  in  F’ig.  4.  Figure  4a  is  the  baseline  (steel)  igniter,  unaffected  by  the  gun  firing. 
The  thick-walled  aluminum  igniter  was  roughly  half-burned,  Fig.  4b;  while  the  thin-walled 
aluminum  igniter  wtis  90%  burned,  Fig.  4c,  and  the  magnesium  was  almost  totally  burned, 
F’ig.  4d. 

The  pressure- versus-time  curves  at  0.095  m,  0.489  m,  0.768  m,  1.530  m,  3.054  m, 
3.816  777,  and  4.578  m  for  the  baseline  DM13  gun  firing  are  given  in  F^ig.  5a.  The  correspond¬ 
ing  pressure-versus-time  curves  for  the  thick  aluminum  igniter  ceising,  thin  aluminum  Ccising 
and  the  magnesium  casing  are  given  in  F’igs.  5b-d. 

Pressure  difference  curves  are  the  curves  generated  when  the  pressure  at  the  front  end  of 
the  gun  chamber  is  subtracted  from  the  pressure  at  the  breech  end  of  the  gun  chamber.  The 
pressure  difference  curve  would  have  large  (greater  than  35  MPa)  negative  values  for  charges 
which  have  potentially  deleterious  pressure  waves  generated  during  the  early  portion  of  the 
ballistic  cycle.  The  pressure  difference  curves  for  the  baseline  DM13  and  the  rounds  with 
different  igniter  casing  material  are  given  in  Fig.  6.  As  can  be  seen  the  pressure  difference 
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Figure  3.  Schematic  of  Igniter  Tube  Cross-Section  with  V-Groove  Pattern 


Figure  4.  Post-Fired  120-mm  DM13  Casings,  Consisting  of  Stub  B2ise  With  Protrud- 
ing:  a)  Steel  (Standard),  b)  Thick- Walled  Aluminum,  c)  Thin- Walled  Aluminum  and  d) 
Magnesium  Igniter  Tubes 
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Figure  5.  Pressure  Versus  Time  at  Various  Gauge  Locations  for  a)  Steel  (Baseline), 
b)  Thick-Walled  Aluminum,  c)  Thin-Walled  Aluminum  and  d)  Magnesium  Igniter  Casing 
(Note,  Zero  Time  Does  Not  Correspond  to  Close  of  the  Firing  Key) 


curves  look  very  similar  and  have  no  large  negative  values.  This  would  indicate  that  the 
modified  and  unmodified  igniters  have  similar  ignition  characteristics. 

A  summary  of  the  maximum  breech  pressure,  muzzle  velocity,  ignition  delay  time  (de¬ 
fined  to  be  the  time  from  close  of  firing  key  to  7  MPa  at  the  breech  gage),  approximaie 
condition  of  the  igniter  casing  after  firing,  and  general  condition  of  the  gun  tube  after  firing 
are  given  in  Table  1 . 

In  general,  the  section  of  the  igniter  tube  which  was  threaded  into  the  primer  head  was 
not  fully  oxidized  (see  Fig.  4).  This  is  probably  due  (in  part)  to  the  heat  capacity  of  the 
primer  head  itself,  which  acts  as  a  heat  sink  to  keep  the  combustible  aluminum  or  magnesium 
below  its  ignition  temperature  in  the  thread  interface  region.  In  addition,  oxidation  may  not 
be  as  complete  near  the  primer  end  of  the  tube  because  of  the  lower  local  gas  velocity,  and 
hence  lower  heat  transfer,  at  the  closed  end  of  the  combustion  chamber. 

Close  inspection  of  what  remained  of  the  aluminum  primers  indicated  that  the  onset  of 
oxidation  probably  took  place  around  the  vent  holes,  which  is  not  surprising  since  not  only 
does  the  venting  of  the  igniter  gas  pre  heat  the  holes,  but  at  the  edge  of  the  hole  the  heat 
transfer  during  the  main  charge  combustion  is  almost  two-dimensional.  The  hole  diameters 
widened  significantly  during  the  oxidation  process,  appearing  to  burn  through  to  adjacent 
hole  diameters  in  the  thin  aluminum  case.  Thus,  hole  spacing  is  an  important  parameter  in 
the  consumption  of  the  igniters. 


Table  1.  Results  of  120-mm  Gun  Firings 


Maximum 

Breech 

Pressure 

Muzzle 

Velocity 

Ignition 

Delay 

Time 

Condition  of 
Post -fired 
Igniter 

Particles  in 
Post- Fired 

Gun 

MPa 

rn  /s 

ms 

Steel 

498 

1631 

4.7 

VV  hole 

Thick  Aluminum 

498 

162.3 

3.8 

^  Consumed 

Light  Dust 

Thin  Aluminum 

480 

1623 

9.7 

^  Consumed 

Light  Dust 

Magnesium 

476 

_ 1 

1617 

9.0 

Consumed 

Porous  Black 
Beads 

Having  completed  the  initial  tests  of  a  simple  (single  purpose)  combustible  casing  design, 
a  more  complex  (dual  purpose)  casing  design  wfis  fabricated  and  tested  with  the  intend  of 
enhancing  the  durability  of  the  combustible  igniter  casing  as  discussed  next. 


V.  Igniter  Casing  Durability 


Combustible  cartridge  ctuse  side-walls  are  soft;  if  a  round  is  accidently  dropped,  it  is 
conceivable  that  the  propellant  bed  could  shift  and  thereby  transfer  a  bending  moment  to 


<) 
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Figure  6.  Pressure  Difference  Versus  Time  for  a)  Steel  (Baseline),  b)  Thick-Walled  Alu¬ 
minum,  c)  Thin-Walled  Aluminum  and  d)  Magnesium  Igniter  Casings  (Note,  Zero  Time 
Does  Not  Correspond  to  Close  of  the  Firing  Key) 


the  igniter.  Since  aluminum  and  magnesium  igniter  casings  are  weaker  than  the  current  steel 
tube,  there  is  a  concern  that  such  a  bending  moment  could  break  the  igniter  casing.  If  this 
happened,  it  may  lead  to  poor  ignition  and  potentially  dangerous  pressure  waves. 

To  address  this  issue,  an  attempt  was  made  to  create  a  flexible  ignitor-to-primer  cou¬ 
pling.  Essentially,  the  primer  head  was  coupled  to  the  combustible  (aluminum)  igniter  casing 
through  a  rubber  hose.  The  hose  was  joined  (with  an  epoxy  adhesive)  to  the  primer  at  one 
end  and  to  the  igniter  at  the  other  end.  The  hose  was  then  encapsulated  within  an  external 
spring  (to  enhance  the  radial  and  axial  stiffness  of  the  joint),  see  Fig.  7.  This  primer-igniter 
assembly  was  then  tested  in  the  manner  described  above. 

Post-firing  examination  indicated  that  during  firing  the  spring  stretched  aaially  until 
it  broke,  which  released  the  combustible  igniter  casing  within  the  bore.  It  could  not  be 
determined  whether  the  igniter  casing  was  fully  consumed  within  the  bore,  or  whether  it 
followed  the  projectile  out  the  muzzle:  no  casing  fragments  were  found  inside  or  outside  the 
gun.  .Apparently,  when  the  charge  inside  the  igniter  began  to  burn  and  pressurize  the  casing, 
the  pressure  on  the  inner  wall  of  the  igniter  end-cap  created  a  tensile  force  which  stretched 
the  flexible  joint  until  the  spring  broke  and  the  adhesive  bond  failed. 

This  malfunction  had  a  very  noticeable  effect  on  the  ignition  delay  time.  The  normal 
ignition  delay  of  2-7  ms  for  the  DM13  round  was  extended  to  nearly  90  ms.  Presumably, 
when  the  igniter  separated  at  the  joint  the  pressure  within  the  casing  dropped,  as  did  the 
intensity  of  the  flame  exiting  the  igniter  holes.  Such  a  lowered  igniter  heat  flux  might  explain 
why  the  main  propellant  charge  took  a  longer  time  to  ignite. 

Even  though  the  ignition  delay  was  noticeably  affected  by  the  igniter  separation,  the 
chamber  pressure  curves  were  not:  they  maintained  a  smooth  variation  not  unlike  that  shown 
for  a  normal  ignition,  e.g..  Fig.  5a.  That  is  not  to  say,  however,  that  this  type  of  malfunction 
would  not  be  a  safety  problem  for  cold  propellant.  In  any  case,  such  an  extreme  ignition 
delay  would  not  be  acceptable  from  a  gun  accuracy  viewpoint,  as  the  gun  pointing  angle  and 
target  could  move  appreciably  during  this  ignition  delay  period. 


VI.  Unresolved  Questions 


In  addition  to  the  durability  issue  discussed  in  the  previous  section,  there  remains 
some  other  unanswered  questions  concerning  the  performance  of  consumable  metallic  igniter 
casings  before  their  use  in  gun  charges  can  be  considered. 

Will  the  metallic  igniter  casings  work  as  well  at  temperature  extremes  as  they  have  at 
ambient?  Testing  needs  to  be  performed. 

With  the  aluminum  igniter  casings  the  major  product  of  combustion  is  AI2OZ,  which 
is  an  abrasive  material.  Would  the  continuous  use  of  aluminum  primer  casings  lead  to 
excessive  wear  or  would  the  major  portions  of  the  AI2O3  be  carried  along  with  the  products  of 
combustion  and  be  swept  out  the  gun?  Other  than  a  light  dust,  there  was  not  any  noticeable 
material  detected  in  the  gun  tube  after  firing  with  the  aluminum  igniters.  The  firing  with  the 
magnesium  igniter  casing,  however,  left  a  considerable  amount  of  porous,  black,  bead-like 


11 


1  hreadod  to  I'il  I’riinor  [  load  Ignitor  Vent  1  lulo.s 


Figure  7.  Flexible  Igniter- to- Primer  Joint  Desig] 


material  lying  along  the  bottom  of  the  bore;  presumably,  this  was  magnesium  oxide. 

The  thin  aluminum  and  magnesium  igniter  casings  had  ignition  delays  twice  that  of  the 
standard  (steel)  DM13  casing,  while  that  of  the  thick  aluminum  igniter  was  close  to  that 
of  the  DM13.  The  FEM  prediction  of  localized  weakness,  or  failure,  near  the  vent  holes  for 
both  the  thin-walled  aluminum  and  the  magnesium  tubes  might  explain  the  longer  ignition 
time  for  these  two  cases  (as  a  rupture  of  the  vent  hole  would  tend  to  diflfuse  the  jet  issuing 
from  the  hole),  but  a  larger  statistical  sample  needs  to  be  fired. 

And  finally,  the  long  term  storage  and  chemical  compatibility  of  combustible  metallic 
igniter  casings,  such  as  aluminum  or  magnesium,  needs  to  be  determined. 


VII.  Conclusions 


Greater  than  90%  cf  aluminum  and  magnesium  igniter  casings  can  be  consumed  during 
the  ballistic  cycle  in  DM13  charges.  The  thickness  and  hole  pattern  of  the  igniter  casing 
appear  to  be  important  factors  in  determining  the  amount  of  casing  material  consumed. 

The  interior  ballistics  obtained  from  firing  a  DM13  with  an  aluminum  or  magnesium 
igniter  casing  is  similar  to  that  obtained  from  the  standard,  steel,  igniter  casing.  In  partic¬ 
ular,  the  maximum  breech  pressure  and  muzzle  velocities  are  nearly  the  same,  as  are  the 
pressure-versus-time  and  pressure-difference-versus-time  curves. 

Both  finite-element  and  interior  ballistics  modeling  proved  useful  in  evaluating  com¬ 
bustible  igniter  designs  and  their  chance  for  success  prior  to  fabrication  and  testing  of  the 
actual  hardware. 
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Fort  Rucker,  AL  36360 

2  Program  Manager 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMCPM-ABMS,  T.  Dean  (2  cps) 
Warren,  MI  48092-2498 
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3  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMCPEO-HFM 
AMCPEO-HFM-C 
AMCPEO-HFM-F 
Warren,  MI  48092-2498 

1  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMCPM-BLOCKIII 
Warren.  MI  48092-2498 

2  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMCPM-ABMS-SW, 

Dr.  Pattison 
Alan  Haverilla 
Warren,  MI  48092-2498 

3  Commander 

U.S.  Army  Tank-Automotive  Command 
ATTN:  AMSTA-CF 
AMSTA-Z 
AMSTA-ZD 
Warren.  Ml  48092-2498 

1  Program  Manager 

U.S.  Army  Tank-Automotive  Command 
Fighting  Vehicles  Systems 
ATTN:  AMCPM-BFVS 
Warren,  MI  48092-2498 

1  President 

U.S.  Army  Armor  &  Engineer  Board 
ATTN:  ATZK-AD-S 
Fort  Knox,  KY  40121 

1  Project  Manager 

U.S.  Army  Tank-Automotive  Command 
M-60  Tank  Development 
ATTN:  AMCPM-ABMS 
Warren,  Ml  48092-2498 

1  Director 

HQ.  TRAC  RPD 

ATTN:  ATCD-MA 

Fort  Monroe,  VA  23651-5143 
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Copies  Organization 

2  Director 

U.S.  Army  Materials  Technology 
Laboratory 

ATTN:  SLCMT-ATL  (2  cps) 
Watertown,  MA  02172-0001 

1  Commander 

U.S.  Army  Research  Office 
ATTN:  Technical  Library 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709-221 1 

1  Commander 

U.S.  Army  Belvoir  Research  and 
Development  Center 
ATTN:  STRBE-WC 
Fort  Belvoir,  VA  22060-5006 

1  Director 

U.S.  Army  TRAC-Fl  Lee 
ATTN:  ATRC-L,  Mr.  Cameron 
Fort  Lee.  VA  23801-6140 

1  Commandant 

U.S.  Army  Command  and  General 
Staff  College 

Fort  Leavenworth,  KS  66027 

1  Commandant 

U.S.  Army  Special  Warfare  School 
ATTN:  Rev  and  Tmg  Lit  Div 
Fort  Bragg,  NC  28307 

3  Commander 

Radford  Army  Ammunition  Plant 
ATTN:  SMCAR-QA'HI  LIB  (3  cps) 
Radford,  VA  24141-0298 

1  Commander 

U.S.  Army  Foreign  Science  and 
Technology  Center 
ATTN:  AMXST-MC-3 
220  Seventh  Street,  NE 
Charlottesville,  VA  22901-5396 
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2 

Commander 

Naval  Sea  Systems  Command 

ATTN:  SEA62R 

SEA  64 

Washington.  DC  20362-5101 

4 

Commander 

Naval  Sur&ce  Warfare  Center 

ATTN:  Code  240,  S.  Jacobs 

Code  730 

Code  R- 13. 

K.  Kim 

1 

Commander 

Naval  Air  Systems  Command 

ATTN:  AIR-954-Technical  Library 

R.  Bemecker 

Silver  Spring,  MD  20903-5000 

Washington,  DC  20360 

2 

Commanding  Officer 

Naval  Underwater  Systems  Center 

1 

Assistant  Secretary  of  the  Navy 
(R,  E,  and  S) 

ATTN:  R.  Reichenbach 

Room  5E787 

ATTN:  Code  5B331.  R.  S.  Lazar 
Technical  Library 

Newport,  R1  02840 

Pentagon  Bldg 

Washington,  DC  20375 

5 

Commander 

Naval  Surface  Warfare  Center 

ATTN:  CodeG33. 

1 

Naval  Research  Laboratory 

Technical  Library 

Washington,  DC  20375 

J.  L.  East 

W.  Burrell 

J.  Johndrow 

Code  G23,  D.  McClure 

2 

Commandant 

U.S.  Army  Field  Artillery  Center 
and  School 

Code  DX-21  Technical  Library 
Dahlgren,  VA  22448-5000 

ATTN:  ATSF-CO-MW.  E.  Dublisky  (2  cps) 

Fort  Sill,  OK  73503-5600 

3 

Commander 

Naval  Weapons  Center 

ATTN:  Code  388,  C.  F.  Price 

1 

Office  of  Naval  Research 

ATTN:  Code  473,  R.  S.  Miller 

800  N.  Quincy  Street 

Arlington,  VA  22217-9999 

1 

Code  3895,  T.  Pan 

Information  Science  Division 
China  Lake,  CA  93555-6001 

OSD/SDIOAST 

3 

Commandant 

U.S.  Army  Armor  School 

ATTN:  ATZK-CD-MS,  M.  Falkovitch  (3  cps) 
Armor  Agency 

ATTN:  Dr.  Len  Caveny 

Pentagon 

Washington,  DC  20301-7100 

Fort  Knox,  KY  40121-5215 

3 

Commander 

Naval  Ordnance  Station 

2 

Commander 

U.S.  Naval  Surface  Warfare  Center 

ATTN:  J.  P.  Consaga 

C.  Gotzmer 

Indian  Head.  MD  20640-5000 

1 

ATTN:  T.C.  Smith 

D.  Brooks 

Technical  Library 

Indian  Head,  MD  20640-5000 

AL/TSTL  (Technical  Library) 

ATTN:  J.  Lamb 

Edwards  AFB.  CA  93523-5000 
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1  AFATL/DLYV 

Eglin  AFB,  FL  32542-5000 

1  AFATL/DLXP 

EgUn  AFB.  FL  32542-5000 

1  AFATL/DUE 

Eglin  AFB,  FL  32542-5000 

1  NASA/Lyndon  B.  Johnson  Space  Center 

ATTN:  NHS-22  Library  Section 
Houston,  TX  77054 

1  AF^LM,  The  Rand  Corporation 
ATTN:  Library  D 

1700  Main  Street 

Santa  Monica,  CA  90401-3297 

3  AAI  Corporation 

ATTN:  J.  Hebert 
J.  Frankie 
D.  Cleveland 
P.O.  Box  126 

Hunt  Valley,  MD  210304)126 

2  Aerojet  Solid  Propulsion  Company 
ATTN:  P.  Micheli 

L.  Torreyson 
Sacramento,  CA  96813 

1  Atlantic  Research  Corporation 

ATTN:  M.  King 
5390  Cherokee  Ave. 

Alexandria,  VA  22312-2302 

3  AL/LSCF 
ATTN:  J.  Levine 

L.  Quinn 
T.  Edwards 

Edwards  AFB,  CA  93523-5000 

1  AVCO  Everett  Research  Laboratory 

ATTN:  D.  Stickler 
2385  Revere  Beach  Parkway 
Everett,  MA  02149-5936 


No.  of 

Copies  Organization 

2  Calspan  Corporation 

ATTS:  C.  Murphy  (2  cps) 

P.O.  Box  400 
Buffalo.  NY  14225-0400 

2  General  Electric  Company 
Tactical  Systems  IDepartment 
ATTN:  J.  Mandzy 

J.  Haberl 
100  Plastics  Ave. 

Pittsfield,  MA  01201-3698 

1  IITRI 

ATTN:  M.J.  Klein 
10  W.  35th  Street 
Chicago,  IL  60616-3799 

1  Hercules,  Inc. 

Allegheny  Ballistics  Laboratory 
ATTN:  William  B.  Walkup 
P.O.  Box  210 
Rocket  Center,  WV  26726 

1  Hercules,  Inc. 

Radford  Army  Ammunition  Plant 
ATTN:  E.  Hibshman 
Radford,  VA  241414)299 

3  Director 

Lawrence  Livermore  National 
Laboratory 
ATTN:  L-355, 

A.  Buckingham 
M.  Finger 

L-324,  M.  Constantino 
P.O.  Box  808 

Livermore,  CA  945504)622 

1  Olin  CorpOTation 

Badger  Army  Ammunition  Plant 
ATTN:  F.  E.  Wolf 
Baraboo,  WI  53913 

2  Olin  Ordnance 
ATTN:  E.  J.  Kirschke 

A.  F.  Gonzalez 
P.O.  Box  222 
St.  Marks.  FL  32355-0222 


22 


No.  of 

Copies  OrRanization 


No.  of 

Copies  Organization 


1  Paul  Gough  Associates,  Inc. 

ATTN:  Dr.  Paul  S.  Gough 
1048  South  Street 
Portsmouth,  NH  03801-5423 

1  Physics  International  Company 

ATTN:  Library,  H.  Wayne  Wampler 

2700  Merced  Street 

San  Leandro,  CA  98457-5602 

1  Princeton  Combustion  Research 

Laboratory,  Inc. 

ATTN:  M.  Summerfield 
475  U.S.  Highway  One 
Monmouth  Junction,  NJ  08852-9650 

2  Rockwell  International 
Rocketdyne  Division 
ATTN:  BA08, 

J.E.  Flanagan 
J.  Gray 
6633  Canoga  Ave, 

Canoga  Park.  CA  91303-2703 

1  Thiokol  Corporation 

Huntsville  Division 
ATTN:  Technical  Library 
Huntsville,  AL  35807 

1  Sverdrup  Technology,  Inc. 

ATTN:  Dr.  John  Deur 
2001  Aerospace  Parkway 
Brook  Park.  OH  44142 

2  Thiokol  Corporation 
Elkton  Division 
ATTN:  R.  Biddle 

Technical  Library 
P.O.  Box  241 
Elkton.  MD  21921-0241 

1  Veritay  Technology,  Inc. 

ATTN:  E.  Fisher 

4845  Millersport  Highway 

East  Amherst,  NY  14501-0305 


1  Universal  Propulsion  Company 

ATTN:  H.  J.  MeSpadden 
Black  Canyon  Stage  1 
Box  1140 

Phoenix,  AZ  84029 

1  Battelle 

ATTN:  TACTEC  Library,  J  J^.  Huggins 
505  King  Ave. 

Columbus,  OH  43201-2693 

1  Brigham  Young  University 

Department  of  Chemical  Engineering 
ATTN:  M.  Beckstead 
Provo,  UT  84601 

1  California  Institute  of  Technology 

204  Karman  Laboratory 
Main  Stop  301-46 
ATTN;  F.E.C.  Culick 
1201  E.  California  Street 
Pasadena,  CA  91109 

1  California  Institute  of  Technology 

Jet  Propulsion  Laboratory 
ATTN:  L.  D.  Strand.  MS  512/102 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109-8099 

1  University  of  Illinois 

Department  of  Mechanical/Industrial 
Engineering 
ATTN;  H.  Kricr 
144  MEB;  1206  N.  Green  Street 
Urbana,  IL  61801-2978 

1  University  of  Massachusetts 

Department  of  Mechanical  Engineering 
ATTN:  K.  Jakus 
Amherst,  MA  01002-0014 

1  University  of  Minnesota 

Department  of  Mechanical  Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55414-3368 
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Georgia  Institute  of  Technology 
School  of  Aerospace  Engineering 
ATTN:  B.T.  Zinn 
E.  Price 
W.C.  Strahle 
Atlanta.  GA  30332 

Institute  of  Gas  Technology 
ATTN:  D.  Gidaspow 
3424  S.  State  Street 
Chicago,  IL  60616-3896 

Johns  Hopkins  University 
Applied  Physics  Laboratory 
Chemical  Propulsion 
Information  Agency 
ATTN:  T.  Christian 
Johns  Hopkins  Road 
Laurel.  MD  20707-0690 

Massachusetts  Institute  of  Technology 
Department  of  Mechanical  Engineering 
ATTN:  T.  Toong 
77  Massachusetts  Ave. 

Cambridge,  MA  02139-4307 

Pennsylvania  State  University 
Applied  Research  Laboratory 
ATTN:  G.  M.  Faeth 
University  Park,  PA  16802-7501 

Pennsylvania  State  University 
Department  of  Mechanical  Engineering 
ATTN:  K.  Kuo 
University  Park,  PA  16802-7501 

Purdue  University 

School  of  Mechanical  Engineering 

ATTN:  J.  R.  Osborn 

TSPC  Chaffee  Hall 

West  Lafayette,  IN  47907-1199 

SRI  International 
Propulsion  Sciences  Division 
ATTN:  Technical  Library 
333  Ravenwood  Ave. 

Menlo  Park,  CA  94025-3493 


1  Rensselaer  Ploytechnic  Institute 
Department  of  Mathematics 
Troy,  NY  12181 

2  Director 

Los  Alamos  Scientific  Laboratory 
ATTN:  T3,  D.  Butler 

M.  Division,  B.  Craig 
P.O.  Box  1663 
Los  Alamos,  NM  87544 

1  General  Applied  Sciences  Laboratory 

ATTN:  J.  Erdos 
77  Raynor  Ave. 

Ronkonkama,  NY  11779-6649 

1  Bauelle  PNL 

ATTN:  Mr.  Mark  Gamich 
P.O.  Box  999 
Richland,  WA  99352 

1  Stevens  Institute  of  Technology 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 
Castle  Point  Station 
Hoboken,  NJ  07030-5907 

1  Rutgers  University 

Department  of  Mechanical  and 
Aerospace  Engineering 
ATTN:  S.  Temkin 
University  Heights  Campus 
New  Brunswick,  NJ  08903 

1  University  of  Southern  California 
Mechanical  Engineering  Department 
ATTN:  0HE200,  M.  Gerstein 

Los  Angeles,  CA  90089-5199 

2  University  of  Utah 

Department  of  Chemical  Engineering 
ATTN:  A.  Baer 

G.  Flandro 

Salt  Lake  City,  UT  84112-1194 

1  Washington  State  University 

Department  of  Mechanical  Engineering 
ATTN:  C.  T.  Crowe 
Pullman.  WA  99163-5201 
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1  Alliant  Techsystems,  Inc. 

ATTN:  R.  E.  Tompkins 
MN38-3300 
5700  Smetana  Drive 
Minnetonka,  MN  55343 

1  Science  Applications,  Inc. 

ATTN:  R.  B.  Edelman 
23146  Cumorah  Crest  Drive 
Woodland  Hills,  CA  91364-3710 

1  Battelle  Columbus  Laboratories 

ATTN:  Mr.  Victor  Levin 
505  King  Ave. 

Columbus,  OH  43201-2693 

1  Allegheny  Ballistics  Laboratory 

Propulsion  Technology  Department 
Hercules  Aerospace  Company 
ATTN:  Mr.  Thomas  F.  Farabaugh 
P.O.  Box  210 
Rocket  Center,  WV  26726 

1  MBR  Research  Inc. 

ATTN:  Dr.  Moshe  Ben-Reuven 
601  Ewing  Sl,  Suite  C-22 
Princeton,  NJ  08540 


Aberdeen  Proving  Ground 


1  Cdr,  CSTA 

ATTN:  STECS-PO,  R.  Hendricksen 


INTENTIONALLY  LEFT  BLANK. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it 
publishes.  Your  comments/answers  below  will  aid  us  in  our  efforts. 

1 .  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of 
interest  for  which  the  report  will  be  used.)  _ 


2.  How,  specifically,  is  the  report  being  used?  (Information  source,  design  data,  procedure, 
source  of  ideas,  etc.)  _ 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or 
dollars  saved,  operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please 
elaborate.  _  _ _ 


4.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports? 
(Indicate  changes  to  organization,  technical  content,  format,  etc.)  _ 


BRL  Report  Number  brl-mr-39A4 _  Division  Symbol 

Check  here  if  desire  to  be  removed  from  distribution  list.  _ 

Check  here  for  address  change.  _ 

Current  address:  Organization  _ 

Address  _ 


Department  of  the  Army 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


OFHCIAL  BUSINESS 


BUSINESS  REPLY  MAIL 

RUST  {jJS&  FEfMT  No  0001,  AFG,  MD 


Postage  will  be  paid  by  addressee 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 
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